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ABSTRACT 

The general problem of the mixed-layer depth ot the ocean’s 
surface Layers is a ee Wind mixing and its contribution to mixed- 
layer depth at ocean station Papa during the year 1958 is evaluated and 
discussed. A model of mixing by wind-generated wave motion is developed 
and is tested along with two other models; and the results are discussed. 

The author wishes to express his appreciation for the advice and 
assistance given by Professor G. iH. Jung of the U. S. Naval Post- 
graduate School in this investigation, and also his thanks to the 


Pacific Oceanic Group for their kindness in making available the necessary 


oceanographic data. 
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lee {ntroduction 

The plhenomenen of mixing of the surface watcecs of nuch of tne 
world's ocean area has been eae for many years. Increasing 
uaval overational interest in the depth of the mixed layer now demands 
that the groundwork established by many oceanographic investigators be 
built upon, and that intensive effort be directed toward the goal - a 
usable forecast of mixed-layer depth over broad expanses of the seas. 

Mixed-layer depth is the depth below the water surface to which 
mixing has established an essentially isothermal temperature distri- 
bution. The lower boundary of the mixed layer is the thermocline, 
normally a thin layer or interface of large, negative vertical temper- 
ature gradients. 

Large variations of mixed-layer depth occur in space and time. 
Observation indicates that a full spectrum of time variation ranging 
from an annual cycle to short term fluctuatious of a few minutes 
duration is to be expected at a fixed geographic location. The annual 
G@yere is at present the most regular fluctuation of the mixed-layer 
(@pen to be identified, and is in general the largest in magnitude. 
Tae annual trend of the mixed layer is a sinusoidal wave which appcars 
to be most closely related to the heat balance of the surface water 
layers, i.e. mixed-layer depth is inversely proportional to the sta- 
bility of tne surface water layers. This is not to say that other 
serlodic fluctuations of mixed-layer depth such as lunar-tidal or 
Clurnal heating and cooling are not present, but paucity of data and 
tae magnitude of apparently random fluctuations makes their identifica- 
MLO Uti mercul &. 

-~uStantaieous values of mixed-layer depth may be looked unon as 


the result of various perturbations superimposed upon the mean annual 
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wave. The most sipnificant perturbations appear to be the integrated 
effect of meteorological factors operating tu alter the stability of 
tae. surfacewmatcr layers. Wilitds, evaporative cooling ,walbedv, moisture 
coutent of the air, and insolation are 2 few of these meteorolopical 
factors. aAdded to the effects of the wetcrological perturbations are 
cae a -parently random motions of internal waves along the thermocline. 
veouyraphical variations of mixed-layer depth are associated with 
tre Vathyimetry of the occan basins, the advective and Mixing effects 
of the permanent currents and oceen tides, and the climatological 
reprints. The enormous problems of cata ecuellection and observational 
density militate against anything but qualitative estimates of tue 
effects»ef Space variation upon mixed-layer depth at tne present time, 
rue@ Purpose of this paper is to evaluate tne meteorological factor 
y£ wind in its contribution to mixing of the surface waters &t ocean 


station Papa (501! - 145W) for tne year 1958. 





ie ‘the mechnaénism of wind-induced mining 

Witla Cau Gel circetly to produce momeutum trenmsfec across tu® 
aic-sca imterfacc by means ee ee vave motionmer by crift 
currents [Ll_J. It is postulated that a given amount of wind stress 
will product motion of tae surface layers of viater, giving rise to 
fiteig of tne water layers until stability in the regibn of thé ther- 
moclince dampens particle motion to sucti an extent tnat equilibrium 
between tie mixing forces ahd the stabilizing forces is reached, anda 
vertical misting can proceed no further. Tne amount of stress exerted 
byetlic wimdeunpon ene sca surface is knowr to depend weon ciewspted of 
the wind, the stability uf the air, and tne nature of the air-sea 
intcr face [2 ue Tae stability of. the thermocline (the limit of mizing) 
depeuds upon tne wind stress fells auc tne heat balance in the nived 
layer. 

a 

Convective mixing is the process by which evaporation and loss 
of heat to the atmosphere causes the surface water layers tu become 
unstable, cesulting in overturning and mixing. Wind speed is a factor 
in the flux of water vapor and sensible heat across the a.r-sea intcr- 
face. Couvective mixing is, in general, most efficient when heat 
losses from the surface mixed layer are greatest. 

In order to isolate, imsofar as possible, the cfiiect of wind- 
driven mechanieal miging for tne purpose of study in tuis section, 
data from the montns of maximui sea-suiface neating were chosen from 
tne records of the Pacific Oceanic Growp for ocean station Paye, 1353, 


ag cwMe@impics of this oroccss. 
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om Mire rélationsiii,» Of witicd spead to mixec=Layer dtpth 

ie data wer orfiiiized ito time sefiés of mixté-laer éepl Ind 
Wer Speed, atc into™scabter di@trans of tic ‘Samemrarravles. Siticeé 
ave motion depends on duration of wind rather than instantaneous values, 
the mean of the cight available daily wind observations was taken as the 
Preprescntative wind for each day. The selection of @ representative 
mixed-layer depth tor a day was a greater problem. In general, only 
two bathythcrmograph observations, one at 0200 and the other at 17U0 
Greenwich tintc, were available. In addition, as will be discussed 
later, considerable fluctuation of MLD about the daily mcan value is 
observed, and there is no certeinty that the mean of the 0200 and 1700 
observations would be truly representative of tit: meat for the day. 
“herefore, the maximum observed MLD for the day was used. MLD was 
taken to be the depth below the sea surface at which the temperature 
trace of the water ceased to be isothermal; in general this is the top 
of the thermocline. This definition permits a zero value for iD. 

Figure 1 is a time series of mean daily wind Speed anc maximum 
observed daily MLD at ocean station Papa for the month of Junc, 1958. 
ime tworeurves dare =very=emlLLam, Mmcereasime and™decreasing togetiicr . 
Close inspection reveals that the MLD curve lags bchind the wind speed 
curve by about 24 hours, and that most fluctuations of wind speed are 
tollowed the next day by a similar fluctuation of MLD. Another interest-~- 
ing characteristic of the two curves is that not only does MLD increase 
with increasing wind speed, it also tends toward zero as wind speed 
decreases. 


Figure 2 is a scatter diagram obtained by plotting maximum daily 





MLD against the previous day's mean wind speed for the months of June, 
July, August, and September, 1958. Correlation coefficients for the 
four months were found to be 0.94, 0.76, 0.41, and 0.68, respectively. 
Disregarding for the moment the August points, it is seen that the 
remaining points fall into two groups; those of June and July; and 
those of September. The August points can be divided into two groups 
also; those associated with the June and July group, and those assoc- 
iated with the September group. The separation of the points into two 
groups is in accord with the two different thermal regimes which are 
represented. The June and July points represent a period where the 
water is being actively heated, while the September points represent 
a period of beginning heat loss by the water; the August points are 
transitional between the two periods. The basis for this division is 
that the observed sea surface temperature reaches its maximum for the 
year in late July and begins its annual cooling trend in mid-August. 
This difference in regimes may explain in part why the correlation 
coefficients for June and July are so much larger than the August and 
September coefficients. In all four of the months increasing winds 
drive the mixed layer deeper, but only under conditions where excess 
heat is being supplied is there a tendency for the mixed layer to 
approach zero under decreasing wind conditions. 

Linear regression equations were calculated for these scatter 


diagrams and found to be: 


MLD = 1.14 V (June) (MLD i:, meters, V in knots) 
MLD = 0.94 V+1.2 (July) 
MLD = 1.07 V + 26.1, (Sept) 





respectively. The small difference between the June and July slopes 
is attributed to the sligl.tly more stable condition of the July water 
when heating was at a maximum. 

The fact that mixing of the surface water can depend not only 
upon wind speed, but upon convection as well, is illustrated in figure 
3. This figure is a scatter diagram of the same variables shown in 
figure 2, but for the month of November, 1958. Here a correlation 
coefficient of -0.58 is obtained. In November there is rapid cooling 
of the surface water, the temperature decreasing some four and one- 
half degrees fahrenheit in two weeks. In this autumn month, clearly, 
convection has completely overridden the effects of wind mixing alone, 


and is independent of wind speed. 





4. Time lag of the mixed layer produced by a given wind 

As pointed out in section 3, changes of MLD lag changes of wind 
speed. Figure 4 is a time series of wind and MLD obServations taken 
at ocean Station Papa on 16 to 19 June, 1958. MLD observations 
were taken hourly, while wind observati.ns were taken at three-hour 
intervals. Both curves were smoothed by three-hour overlapping sums, 
and the MLD curve is plotted with an 18-hour lag from the wind speed 
observations to obtain good agreement of the fluctuations on both 
curves. Actually the best agreement would have been obtained by a 
12-hour lag for the shallow MLD (smaller wind speed) with a larger lag 
for the deeper MLD values. A lag between observed wind speed and the 
resulting mixing of the surface water is in accord with the theory of 
wave generation, which requires a minimum duration time for the wind 
to have blown in order to produce waves of a certain size. In general, 
the required duration time of the wind increases with increasing size 
of wave produced {4 | ; by analogy, the lag of MLD from wind should 


increase with increasing wind and mixed-layer depth. 





5% xandom fluctuations of MLD 

The depth of the mixed layer was observed to vary several meters 
in a rendom fashion between hourly measurements. ‘The wagnitude of the 
fluctuations could not be made to correlate with any observed meteoro- 
logical parameter, but the fluctuations did appear to increase in size 
with depth. 

Figure 5 shows the mean hourly fluctuation of ten series of 
observations plotted as a function of the mean mixed-layer depth of 
each series. The individual series contained from 24 to 48 bathythermo- 
graph observations, and were spaced at approximately monthly intervals 
over the year. 

Schule [5 ]and others have observed similar short-term fluctuations 
of HELD at ormer iocalvimes anc conclude "thet they are caused by internal 
waves along the thermocline. 

The importance of the random fluctuations is two-fold. A single 
measurencnt of MLD will not necessarily be representative of the mean 
iiLD for any given day. A series of observations shquld be taken each 
day when verifying computed values of mixed-laver depth. The other 
important aspect of internal wave motion along the thermocline is that 
internal waves may provide one mechanism of vertical mixing. Ball [6 ] 
descixibes an experiment in which internal waves were induced clong the 
density discontinuity between two water layers. The waves were observed 
to become sharp-crested and filaments of the denser watcr were drawn 
out from the sharp wave crests and inixed into the upper leyer. The 


reverse, mixing downwards, was not observed to occur. 





6. Theoretical models of wind mixing 

At the start of th@ present investigation a search of the literature 
produced only one theoretical model to explain the mechanism of wind 
mixing. Munk and Anderson ({_3 | developed this model incorporating the 
concept of vertical Austausch coefficients in the ocean, solving a system 
of five equations to obtain the relationship of wind speed to the depth 
of the mixed layer; they obtained results to within an order of magni- 
tude of observed data, and concluded that convective mixing was at 
leest as important as wind mixing. This is not surprising in view of 
Laevastu's observation [.1_| that the vertical Austausch coefficient 
varies by more than three orders of magnitude with space and time in 
the oceans and is at present neither measureable nor predictable. 

The author approached the problem of wind mixing from the stand- 
point of particle motion produced by wind-driven waves. issentially, 
what is required is a way to link wind speed to the motion of water 
particles in the surface water layers resulting from wind-produced 
waves. Having accomplished this, a limit remains to be set on the 
effectiveness of aie Fee eeere notion to produce mixing. The relation- 
ship of wind speed to the various surface wave parameters (significant 
wave height, period, and pee) was obtained using Neumann's spectrum 
[4 i, and the subsurface particle motion was in turn calculated from 
the theory of simple Airy waves. The maximum limit of mixing due to 
particle motion was assumed to be the depth were the buoyant force of 
Plemecenscer water belo ppemchornoclinc exactly opposed the downward 
force of the denser particles in circular orbit. An equation (hereafter 
referred to as Geary's model) of the following form was derived: 

Ase = 9(e%e) a) 
fP 


7 





The depth at which equilibrium will be established depends upon the 
stability of the tnermocline (the density difference across the 
thermocline} and upon the cnaracteristics of the surface wave produci g 
the motion. The necessary wave characteristics can in turn be obtained 
as a function of wind speed alone, assuming fully-developed seas. 

During the present investigation the author became aware of the fact 
that Laevastu [1 ] had approached the problem of wind mixing from a 
Similar viewpoint. The essential difference between the two models is 
that Laevastu set an arbitrary limit to the effectiveness of subsurface 
particle motion in accomplishing mixing. dis limit was the depth where 
the diameter of the particle orbits was ten cantimeters or less. 

Neumenn [7], im” an extension Of NiS”Surecee wave speertrun co 
subsurface motion, derived a relationship giving the ratio of potential 
energy at some depth to that of the surfuce waves, and proposed tnat at 
the depth  whete thesratiowwas five pefcent or less, subsurfac@® particle 
motion could be consiccred negligible. Neumann did not cpsly this 
eoneept to tne problem of mixed-layer depth, but the level of wave 
energy present at any depth must have some influence on the work done in 


mesineeat tliat cdepta. ConsecuentlL Neumann's rclations.uip was evaluated 
6 1 > 2 


along with the models of Laevastu and Geary. 
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7. Fit of mixine models to observed data 

The appendices contain evaluations of EMe thee@ mixing models for 
various wihd geeeds. Curves 1, 2, 3, and 4 of £igure 6 are plots of 
tables 1, 2, 3, ane 4 wPespectively, fom tuc aspendices. fne stippled 
area represents the field ot seattcr of the observed aeta for the 
months of June, July and the tirst halt of August, 1958, some 76 obser- 
Peeronsein ela. 

Curve 2 is tue Leevastu equation foc HLE using his equation 
(2, pps 70 } for computing significant wave height. it can be seen 
that curve 2 torms an upper Limit on tie obséi:ved scatter of points. 
curve 3 is the Leaevastu equation for MLL, but using [4 ] for the calcu- 
lation of Shenificant wave heigut. “It is evident thet the method of 
calculating surfact wave characteristics has an importént effect upon 
tne values obtained for mixed-layer depth. 

Curve 1 is Geary's equation, and it is in surprisingly good 
apreement with curve 3. An explanation for this agreement cannot be 
suggested at the present time. 

Curve 4 is the MLD equation based on Neumann's ratio of votential 
eneraL1cs, end it can be seen tndt this curve iaits the observed data 
better than the others. It may well be that a calculation of energy at 
depth is a better measure of mixing efficiency than are approaches using 
particle acceleration or the geometry of motion. 

WL PsOmemitCrcemmucntne fact that all-of the curves deviate more 
from the trend of the observed scatter points at lowa wind speeds, 
which may indicate deficiencies at low wind speeds in the wave generation 
equations. Munk and others heve proposed a "critical wind speed" (about 


13 knots), above and below which wave gencration by wind proceeds 


di iferenraly: 
a 





Oo. Variation of observed data from computcd values 

Factors opcreting to cause variation of ubserved wiud and MLD 
data from theoretical and empirical relationships are of three kinds. 
birst @re those that have to do with data collection and processing. 
Bataythermograph obscrvations at ocean station Papa were not actually 
taken at a fixed Location, but over an area of many square miles. ‘The 
basic grid is ten nautical miles on a side, and cbservatious are 
Yeported from several cifferent grid positious is the course of a month. 
Tne best accuracy to which the bathythcrmograph ata could be read is 
on the order of + oue meter. It is entirely possible that the differ- 
ences in geographical location at wnich the observations were taken 
could account for the scatter of observed data from computed values. 

& second factor, concerning only the niizihhe mocels, st@ms fron 
oversimplification of the vertical wixing process and from imperfections 
in wind-procuced wave theory. The author's assumption (appendix I) 
of a two-layer system is en oversimplification of actually existing 
dcnst'iy @racients. That systematic part of the variatioa of the mix- 
ing models from observed data may be ascribed to: 1) wind may not build 
waves exactly according to the theory used; 2) use of a 24-hour mean 
wind instead of an integrated wind could produce a systematic error of 
mie typerovuservyed between the scatter points and curves on fietire 4, 

The third factor is internal wave motion. Random hourly variation 
of IiLD vas found to exist (section 5) and was calcuiited to be an increas- 
ing function of mixed-layer depth. Mean hourly variation of MLD increased 
from nearly three meters at shallow depths to about flve or si:: meters 


SeolarceMLbevalvues. flso, the standard deviation of MLD from the 





monthly mean was found to be a function of wind speed, depth, and 


herct valance. It is seen that internal wave motion, in adaition to 


OpSeLyoatlonad. actors, couldyacceuptivefier Gl ef the random Scatter ial 


EnceoToOtted points. 





‘ a ill oe 


- ——-> & « — & |e = ea — 


ie Couclusions and recommendations for future research 

Wind is Gn important factor in determining the depth to which the 
surface waters are mixed. The wechanism of mixing by wind-driven wave 
motion must exist throughout the seasons, but is dominant only when the 
winxed-layer depth tendcs toward zero in the absence of mixing. in ven- 
cral, this co.dition will occur during the sunmer months when heating 
of the surface water is maximum, and convective mixing is at a minimum. 

Lquations incorporating the subsurfaec varticle motior of wind 
waves ccn be called upon to niadcast mucn of the observed daily and 
longer-interval changes in mixed-layer depth at ocean station Vapa 
during the summer of 1958. Although turbulent mixing due to the vertical 
velocity shear of drift currents also must take place, this effect seems 
to be masked by wave mixing, since the equations for wave mixing 
generally give values of MLD greater than those actually observed at 
wind speeds greater than about 12 knots. Lt is possible, however, that 
Mixing by drift currents accounts for the larger MLD values observed 
at shallower depths, i.e. for wind speeds bess than 12 kne@emie sen 

The modéls of wave mixing shoulda be considered as indices of mixing 
efficiency, not as precise physical descriptions of the vertical mixing 
process. wo one has been able to describe the exact process, but the 
wave mixing approach appears to be the most promising thus far advanced. 

It is difficult to say from one test which model of wave mixing as 
presently written, if any, will prove to be useful in a forecasting scheme. 
Laevastu's equations give the closest approximation to an upper Limit on 
the observed mizing. Neumann's cnergy ratio fits the observed distribu- 


tion better than the other equations. However Geary's model tekes into 
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ac@eunt thermocline stability, a mweceseary perawmcte® if other coMditions 
aud locations are ever to be investigatcd. 

The time lag between observed wind and resulting mixing is a 
provident phenomenon from a forecasting standpoint, and must be 
considered when vcrifying calculated mixed-laycr depths. 

dourly and other short-term randow fluctuations of MLD about a 
mean value prevent the forecasting of exact, instantaneous mired-Layer 
depths, and will have to be considered for forecasting and investigative 
purposes. 

the most important factor requiring investigation is the problem 
of couvective mixing. At present, this process has no model to des- 
cribe its effects, yet it appears to be the singular mechanisia domina- 
ting the depth to which mixing takes plece during most of the annual 
cycle. The use of a high-speed computer for a running computation of 
the heat balance in the surface waters may prove to be of valuable 
assistance in describing short-term fluctuations of mixed-layer depth. 
Future research should also be applied to improving and testing models 


of wind mixing. 
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APPENREX 4 


GbARY" S$ MODEL 


Nechautecal winivez of water particles across the tnermocline must 


Leoimaibited when the vertical forecs of particle motion are opposédd 


rd 


ot tic buoyant ferce of the denser water below the tnermoclinc. Based 


upon tuls consideration it 1s possible to establisn a simple model for 


meecnanical mixing by wave action with the following assumptions: 


1 
Etta c 


L) 


2) 


3) 


ae 


the 


2 nomogeneous layer of water witno density PRP (the 
mixed layer) ovcriies homogeneous water with a greacer 

/ 
CoMeLty, fp . The difference in density between the 
two layerar is Caused "6olely by their temperature cifiference, 
Subsurface particle motion is in accordance with simple 
firy vave theery for deep water, i.e, the particles move 
invcircular orbits with their dlametems @ecreasing 
emponucntialiy with increasingwede tn. 
Peuetration of the thermocline interface stops when the 
Vertical forces of a particle in motion are cxactly balanced 
Pernice buoyant farce The balance of forccs in sticn ieee 


are given by: 


-~RZ 
2 / 
PG 5 Cuas = YP 9 
(2) 
2 -k# 
Waere (OQ is the gravity force, DAD S is tie 
niasiimum force due to the vertical component of acceleration 
. % e e 4 * 
of the particle in orbital motion, and (OG is the buoyant 
feuee. 
force balance cf (2) is correct, but it must be understood 
. 2 _~kz 

eeeelcration tern AO € applies to Laminar 
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conditions of wave motion and is used here only as an approximation 
to the magnitude of vergzical particle acceleration in what must be 
actually turbulent moticn. The laminar acceleration term is utilized 
in an attempt to resoive in a general way the difficulties of this 
Simple, mechanistic approach. 
Equation (2) can be evaluated implicitly for depth as a function 
of wind speed alone if the stability of the thermocline is assumed 
f 
constant, i.e., P ~~ = constant, for all depths and the various 
fo 
surface wave characteri:itics are calculated according to Neumann's 
spectrum of wave generation by wind. 
| 
The stability term, Rf, was evaluated from the data at ocean 
PP 
Station Papa for June and July of 1958, and was found to be approx- 
imately between the limit® of 0.0001 and 0.0004. Using [4] to 


- ~ aa 
obtain the wave characteriwtics T , L , and/?” for fully developed 


seas, table 1 gives the computed values of MLD for various windspeeds 


and two stability values. Expressing ( 2 ) as 
- 2% 2, oe 
Cc 7"AG*\ @ ¢ (3) 
a sample calculation fellows: for a given windspeed 7, L.,Frare speci- 
fied as above. Assune Pf = 0.0004, A <5) . O=-4£7 } R= a, 
e a = jus 


solve (3 ) for 4, which represents the MLD. 
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Table 1 


Geary s MLD Valucs 





Linaspedda (knows) ...ed-Layer Depta 
25’ = 0.0001 CL he Vaile 
10 8.6 oes) 
ae i236 L020 
14 pig MEAS, 14.0 
is, PLES 18.4 
19 | 2, 26 
20 or 29.4 
22 45.0 D0, 0 
26; 54.0 43.0 
26 oS ip pe 
23 Tot 59.4 
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APPENDIX II 


LAEVASTU'S MODEL 


Laevastu [i] gives a tenfative formula for the depth of mrxing 
by waves; unfortunately he does not give the derivation, but states 
tnat he arrives at rhe expression by using, 


the relations for trochoid waves for computing the velocities 

of water particles at various wave height and at various 

depths, the depths given by Neumann [5 J, where the total 

wave energy has decreased to five percent of its value at the 
sea surface, and assumirg that the mixing by waves is negligible 
at approximately a depth where the diameter of the orbital 

paths ig smaller than 10 centimeters. 


The formula is 


yaya = /2.5 Lz : 





Ss (4) 
Laevastu uses the foilowinzg equation for computing significant 
wave height: 
om, 0.0008 Vif sO+C%m~ Ta) ] 
s : e 
Stl EY ) fix 


It is interesting to note that (5) incorporates the sea-air tempera- 
ture difference parameter. while other formulas for significant wave 
height do not. Depth of the mixed layer calculated from (4) and (5) 
mSepaven in table 2, assuming T,, - TI, = 0, F = 100 kilometers, and 
a = 24 hours. 

MLD obtained tiom formela (4) is greatly influenced by the equa- 
tion used to calculate significant wave height. As an illustration of 


this point, table 3} pives MLD fer various wind specds using formula (4), 


but with significant wave he1ght computed according to Neumann's equation. 
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Tapike 2 


Latvastu s MLD Valucs 


Wine speed > a ee. tkixea-Layer Depth 

eee. sce knots wmecers 
3 oo ay 
d le 6.6 
2 a 9.9 
7 Lone 7 36 
8 [S52 22.5 
9 i ae 26.38 
10 Loe Jao 
2 Za ay ae 

Table 3 


wind 


Tet CS 





Modified Laevastu MLD Values 


smeed Miixed-Layver Deptu 

s sec7! knots TC uCrs> 

3 Die age 

é, 7ue 220 

5 oa a) 

/ eS 11.4 
v Us ee, LO. 0 
J Lie Paes) 
10 Loa bio 
Bs PAS Te leat. 





MAPPED. III 
WVpLIeaet' S TOLEL 


Pit Spectrum of wave veneration by wind, 


Poy 


5 ar. exlenme sz - - 
Ké@unchn (7 cdeulame @O a@quation for the ratio of averagé potential 


e 


cn@siy at W@pth 2 ta @h® a¥erage potential energy of the Surface 





WkMWs aS u iunctl ( Pid speed and depth: 
‘2 
= -~4 /9= = 
Ur - [r+4fee +492] ONG, | 
= ve ZS ve 
Ge (6) 
ee 1S Pessibl’ toRWSai See vertical displacement of a particle at 


cu ’ 


any c@ptu am for 2 RZiveh Windsiecd by substituting the following 


Telaotiousnips mwto £6 

= Zo. 

72 ° (7) 

= 

7 (8) 
Weurann considers that witen the ratio of & becomes equal to 0.05, 

o 

Miiiy7e moOLion is nédiizitie. Solving (6) for tne condition ‘7nere 
Ge ts cem@el to £.05j table 4 is obtained. 


Table 4 


a’ c ane Le 1 


tf 


Deotn of Wegligible Wave Motion 


wind Speed 7 a Mixed-Layer Depth 
-1 





meters sec meters 
2 0.42 
5 5 
10 2229 
i D2 
20 92 
Za 143 
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